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PreviewsSeeing in Color — warts and All
In the September 9th issue of Cell, Mikeladze-Dvali et
al. show that cell fate decisions needed for color vi-
sion are dependent on a bistable negative feedback
loop between genes previously implicated in cell pro-
liferation (warts) and growth (melted ).
Accurate determination of cell fate is crucial for tissue
function. However, for complicated tissues to function
it is not only essential to have the correct cell types,
but different cell types must be coordinately deter-
mined and organized. Understanding how cell fates are
coordinated is a major challenge in developmental biol-
ogy. One example of this process that is well-studied is
the determination of photoreceptors in the fly eye.
Throughout the animal kingdom color vision is made
possible by the presence of specific photo-sensitive
proteins within optic neurons. Control of the production
of rhodopsins in the correct spatial and temporal man-
ner is vital for proper visual development. Although the
molecular pathways that activate neuronal develop-
ment are largely known, the genes that control the ex-
pression of specific rhodopsins, and hence color vision,
are poorly understood.
The central photoreceptor in an ommatidal unit is the
R8 cell. The R8 cell differentiates first, and then recruits
the remaining seven photoreceptors, including the R7
cell. For accurate color detection, the different rhodop-
sins expressed in R7 and R8 must be linked and be of
the same type, either pale (p) or yellow (y). In p photore-
ceptor clusters R7 expresses Rhodopsin 3 and R8 ex-
presses Rhodopsin 5, while in y clusters R7 expresses
Rhodopsin 4 and R8 expresses Rhodopsin 6. Approxi-
mately 70% of photoreceptors are of the y type, and
30% are p type. Intriguingly, the decision to be either a
p or a y subtype is made stochastically by the R7 cell,
which then directs the differentiation of the founding R8
photoreceptor accordingly. How this decision is made,
how it is communicated to the R8 cell, and how it is
accurately implemented has been mysterious.
Work from Claude Desplan’s group in this month’s
issue of Cell now elegantly demonstrates that determi-
nation of R8 rhodopsin expression is dependent on a
bistable negative feedback loop between genes pre-
viously implicated in cell proliferation (warts) and growth
(melted) (Figure 1).
Mikeladze-Dvali et al. (2005) identified warts in a
screen for genes involved in y/p determination, based
on its expression in a subset of R8 cells. warts is speci-
fically expressed in yR8 cells, and is lacking in pR8s,
suggesting warts could be important for the yR8 fate.
In warts mutants, all R8 photoreceptors express Rho-
dopsin 5, and hence are pR8s, supporting the idea that
warts is needed for the yR8 fate. Consistent with this
model, overexpression of Warts resulted in Rhodopsin
6 expression in all R8 cells. Interestingly, forced overex-
pression of Warts leads to increased warts transcrip-
tion, indicating that warts expression is subject to a
positive feedback loop.feedback loop for p versus y specification. They found
Figure 1. Model for the Regulation of Ommatidial Subtype by the
Warts Complex and Melted
An unknown signal from the R7 photoreceptor is received by the
R8 cell to determine opsin expression and, hence, ommatidial sub-Conversely, in melted mutant eyes all R8 cells ex-
press Rhodopsin 6, while overexpression of Melted in-
duces Rhodopsin 5 expression in all R8 cells. Overex-
pression of Melted also induced expression of melted
transcripts, indicating that melted, too, is subject to a
positive feedback loop. The ability of warts and melted
to regulate R8 subtype is cell autonomous, suggesting
that Warts and Melted function to receive the determi-
native signal from R7 to control R8 subtype.
Since the roles of Warts and Melted in y/p subtype
specification appeared to be opposite, the authors ex-
amined the interdependence of expression of these
genes. In a fascinating twist to the story, the Desplan
lab showed that warts and melted act in a negativetype. A bistable loop between the Wts/Sav/Hpo complex and
Melted is essential for this decision.
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442that an R8-specific reporter ofmelted expression is lost
when Warts is overexpressed and that expression of a
warts enhancer trap is lost when Melted is overex-
pressed throughout the retina.
The opposite phenotypes of warts and melted al-
lowed the authors to examine the epistatic relationship
of these two genes. R8 cells double mutant for warts
and melted express Rhodopsin5, whereas R7 cells still
expressed either Rhodopsin 3 or Rhodopsin 4 demon-
strating the uncoupling of R7 and R8 subtypes by loss
of warts and melted. These genetic data indicated that
warts acts downstream of melted and that melted is
not necessary for R8 subtype determination.
Since Warts and Melted are both members of estab-
lished growth control pathways [Warts/Salvador/Hippo/
Mats and insulin receptor (InR)/Tor, respectively], the
authors tested if these pathways can regulate R8 sub-
types. Significantly, loss of salvador or hippo pheno-
copies loss of warts, indicating that this complex (pre-
viously known for its ability to regulate proliferation and
apotosis) controls p/y decisions. In contrast, loss of
components of the InR/Tor pathway does not affect
Rhodopsin expression in R8. These data suggest that
the mechanism of action of Melted in postmitotic cells
may be independent of its previously characterized
function in growth (Teleman et al., 2005). It will be inter-
esting to see whether the recently discovered gene Yor-
kie (Huang et al., 2005), a transcriptional corepressor
that is a target of the Warts/Salvador/Hippo complex,
also controls R8 subtype specification.
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CThe data provide new insight into the genes con-
rolling ommatidial subtype, and are a lovely example
f how fate determination is established and cemented
n development. Equally interesting is the discovery of
novel role for genes previously known to regulate
rowth and proliferation, in the differentiation of post-
itotic cells, an emerging theme in neuronal develop-
ent (Bateman and McNeill, 2004).
Of course many interesting questions remain to be
nswered. How does the R7 cell decide to be y or p?
ow is this decision communicated to the R8 cell? How
oes warts control rhodopsin expression? The answers
re sure to be interesting, warts and all.
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